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lkj& i`Foh foKku ea=ky; ¼blls igys egklkxj fodkl foHkkx½ us O;ofLFkr vkSj dsafnzr 'kks/k ds 
ek/;e ls lrr egklkxj izs{k.kksa o fujarj fodkl ds }kjk lekt] m|ksx] ljdkj vkSj oSKkfud leqnk; ds 
fy, lcls  csgrj egklkxj lwpuk ,oa ijke’khZ lsok,¡ miyC/k djkus gsrq gSnjkckn esa Hkkjrh; jk"Vªh; 
egklkxj lwpuk lsok dsUnz dh LFkkiuk dh gSA vius bl mís'; dh iwfrZ ds fy, budkWbl egklkxjh; {ks= 
dh lwpuk,¡ vkSj csgrjhu lsok,¡ rVh; leqnk;] leqnzorhZ cksMZ] m|ksx vkfn ds fy, miyC/k djkus dk dk;Z 
dj jgk gSA bl 'kks/k&i= esa fnu&izfrfnu ds vk/kkj ij lekt] fu.kkZ;dksa] 'kks/kdrkZvksa vkSj m|ksx ds ykHk ds 
fy, budkWbl }kjk miyC/k djkbZ tkus okyh fofHkUu lsokvksa] ftuesa lqukeh dh iwoZ psrkouh Hkh 'kkfey gS] dk 
foospu fd;k x;k gSA 
 
 
 
ABSTRACT. Ministry of Earth Sciences (formerly Department of Ocean Development) established Indian 
National Centre for Ocean Information Services in Hyderabad to provide the best possible ocean information and 
advisory services to the society, industry, government and scientific community through sustained ocean observations 
and constant improvements through systematic and focused research In pursuit of this goal, INCOIS is engaged in 
providing the information and value-added services on the oceanic realm to the coastal community, maritime boards, 
industry, etc. In this article describes the various services, including the tsunami early warnings, provided by INCOIS for 
the benefit of society, decision makers, researchers and industry on a day –to-day basis. 
Keywords – Potential fishing zone, ocean state forecast, ocean waves, ocean currents, data products. 
 
 
 
 
 
 
 
1.  Introduction 
 
The modern marine science in India has a history of 
about 50 years. The first institute for ocean research in the 
country, National Institute of Oceanography, was 
established in 1966 as a follow up to the first basin-wide 
coordinated investigation, the International Indian Ocean 
Expedition (IIOE). The first IIOE survey resulted in a 
comprehensive hydrographic atlas (Wyrtki, 1971). Since 
then an intensive coordinated study of the Indian Ocean 
has taken place every decade or so. To name a few, the 
Indian Ocean Experiment (INDEX) during 1972-1974, 
Monsoon Experiment (MONEX) in 1979, hydrographic 
investigations in the Indian EEZ during 1987-1991, Bay 
of Bengal Monsoon Experiment (BOBMEX) during 1999, 
Arabian Sea Monsoon Experiment (ARMEX) during 
2002-03 etc. With the growth in marine science in India, 
several new institutes were also established to perform 
specific tasks under the auspices of Department of Ocean 
Development (later, Ministry of Earth Sciences) 
Government of India. In 1999, Department of Ocean 
Development established Indian National Centre for 
Ocean Information Services (INCOIS) in Hyderabad 
specifically to translate the outcome of ocean research for 
the benefit of society. Accordingly, the mission of 
INCOIS was charted “To provide the best possible ocean 
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information and advisory services to the society, industry, 
government and scientific community through sustained 
ocean observations and constant improvements through 
systematic and focused research”.  
 
In pursuit of this goal, INCOIS is engaged in 
providing the information and value-added services on the 
oceanic realm to the coastal community. Since its 
inception in 1999, INCOIS has been providing the 
Potential Fishing Zone (PFZ) advisories to fishermen 
community of the Indian coasts. PFZ has been included 
under the common minimum program of Government of 
India, and primary reason for its success has been the 
concerted effort to bring science and technology to the 
grass root level for societal benefit.  
 
About 25% of India's population resides in the 
“coastal zone”. The activities of this population varies 
from traditional fishing to high-tech oil and gas 
exploration in the 2 million sq. km. of Indian Exclusive 
Economic Zone (EEZ).  These communities, irrespective 
of their level of technology, would like to know 'how it is 
going to be out there when they are at sea'. Basically, 
anyone venturing in the sea would like to know the 'sea 
state' portrayed by the roughness of sea surface, the 
waves. INCOIS provides such information to this 
heterogeneous community through Ocean State Forecast 
(OSF) for the Indian Ocean and specifically for the coastal 
regions. 
 
In the aftermath of the Great Indian Ocean tsunami 
on 26 December 2004, Government of India entrusted the 
job of establishing a tsunami warning system to Ministry 
of Earth Sciences. Ministry of Earth Sciences in 
collaboration with other departments like DST, DOS, 
CSIR, etc. set up “The National Tsunami Early Warning 
Centre” at INCOIS in October 2007 to disseminate the 
tsunami early warnings. This state of the art centre 
currently functioning as a national warning centre is, 
shortly, expected to be fully functional as Regional 
Tsunami Watch Provider (RTWP) for the entire Indian 
Ocean region. 
 
The varied spatial and temporal resolution data from 
the sensors on board remote sensing satellites are useful in 
mapping and monitoring the land boundary along the sea 
shore. The state of the art remote sensing and GIS 
techniques enables the mapping and monitoring of 
shoreline changes over a period of time or due to the 
constructions or alterations of the coast. The maps of 
coastal zone depicting the areas vulnerable to natural 
hazards are useful in decision making. 
 
Under the ecosystem management program, INCOIS 
has been working to map the coral reefs in the Indian 
Ocean region, and modeling their health to preserve and to 
manage the flora of Indian archipelagos. Similarly, the  
satellite technology has been applied to conserve the 
mangroves in the Indian Exclusive Economic Zone (EEZ). 
In this article, we briefly describe each of the services 
provided by INCOIS for the benefit of society, decision 
makers, researchers and industry. In addition to these 
services, INCOIS also receives large amount of data in 
real and delayed time and disseminates it for the benefit of 
researchers and other users.  The data centre at INCOIS 
acts as the National Oceanographic Data Centre (NODC). 
The services on mapping and monitoring the shorelines 
and coral reefs are not included in this article as they are 
not provided on a day-to-day basis.  
 
2.  Potential Fishing Zone (PFZ) advisories 
  
About 7 million people living along the Indian 
coastline and on the islands (Lakshadweep and Andaman 
and Nicobar group of islands) are depending on fishing for 
their livelihood. Locating and catching the fish, however, 
is a challenging task. As near shore fish stocks dwindle 
and move further offshore, the task of searching the fertile 
fishing ground (potential fishing zone) becomes even 
more time consuming and more expensive.  Thus a 
reliable and timely forecast of the 'potential zones of fish 
aggregation' will benefit the fishing community in 
reducing the effort in searching for the fertile fishing 
grounds without wasting time and energy. Reduction in 
search time improves the catch and efforts leading to 
improved profits and thus the socio-economic status of the 
fishing community. The availability of technology and the 
concerted efforts of marine scientists, remote sensing 
specialists and the fishery experts in the coastal states 
have resulted in the formulation of a unique product called 
'PFZ advisory'.  
  
The PFZ advisory service was started as a 
community service on the directions and guidance of 
Department of Ocean Development, Government of India 
in 1990 at National Remote Sensing Agency/Indian Space 
Research Organisation (NRSA/ISRO) making use of the 
NOAA AVHRR satellite derived SST. Later, on the 
establishment of INCOIS in 1999, the PFZ advisory 
mission was entrusted to INCOIS. Since then, INCOIS is 
providing PFZ advisories on operational mode every 
Monday, Wednesday and Friday to help the fishermen 
community in locating the fish shoals with a reduced 
search time. The statistics based on the feed back  from 
the users of advisories shows that the fishermen are able 
to reduce the search time by about 60-70%, resulting in 
increased catch per unit effort (CPUE) (2 to 4 times) and 
hence the increased net profit (2 to 4 times). The launch of 
the IRS-P4 (Oceansat-1) has enriched the PFZ Advisories. 
An  integrated  approach  was  developed  using  IRS-P4- 
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Fig. 1.   Sea surface temperature and Chlorophyll-a composite images of January 19-20, 2004 derived from NOAA – AVHRR and IRS P4 
OCM  used for the generation of PFZ advisories
 
 
 
OCM derived chlorophyll concentrations and AVHRR 
derived SST for locating the PFZ. The integrated PFZ 
forecast technique was transferred to INCOIS by the 
Space Applications Centre (SAC) in the year 2000. Over 
the years, the technology for the generation of PFZ 
information has undergone changes considerably in the 
light of results from continuous validation experiments. 
  
It is well known that the fish adapts to the 
surrounding marine environment controlled by various 
physico-chemical and biological factors. Availability of 
food is another important factor which controls their 
occurrence, abundance and migrations in the sea. It is long 
known that these animals follow oceanic fronts and other 
ephemeral features because they concentrate food by the 
minuscale currents that develops at the frontal regions and 
eddies. Biologically rich ocean “fronts” that attract the 
marine life are candidates for fish aggregating zones. The 
concentration of chlorophyll pigments (the photosynthetic 
pigments of phytoplankton) is often considered as an 
index of biological productivity and, in an oceanic 
environment, it can be related to fish production. In situ 
monitoring of the above mentioned parameters in space 
and time is time-consuming and prohibitively expensive 
and a real time picture of any one of these parameters or a 
combination of the above becomes almost impossible. 
However, the indirect methods of monitoring of some of 
these parameters such as SST and phytoplankton pigments 
(Chlorophyll-a) at sea surface from satellites is found to 
be ideal as it provides high repeatability and large spatial 
coverage (Solanki, et al., 2005a). 
  
Satellite remote sensing provides the technology to 
monitor the SST and chlorophyll distribution over large 
spans of sea routinely. Till recently (till 2007), the 
chlorophyll distribution maps were derived from the 
Ocean Colour Monitor (OCM) sensor flown on OceanSat 
I. The methodology described by Dwivedi et al. (2005) 
has been followed to integrate the SST and chlorophyll 
maps (Fig. 1) on a daily basis. These maps were then used 
to locate the oceanic features like fronts, mushroom 
shaped formations, eddies, upwelling regions along the 
coastal boundaries, etc. The identified oceanic features 
were then interpreted manually following the suggestions 
of Solanki et al. (2003). The list of various features and 
the suggestions  to identify the potential fishing zones are 
given in Table 1. These oceanic features, though short 
lived and transient, are likely to shift the location due to 
the winds prevailing over the sea surface. Hence, the 
likely shifts in the location of PFZ under light wind 
conditions, during a day or two, are also provided based 
on the information on winds derived from satellite based 
scatterometer. The approach suggested by Solanki et al. 
(2005b) has been used for the estimation  of the likely 
shift in the location of the feature by winds over a day or 
two. The additional information helps the fishermen who 
could not venture out at sea for fishing on the day when 
the advisory was issued. 
  
To generate the advisories, the SST and Chlorophyll 
parameters were retrieved from AVHRR or MODIS and 
IRS P4 OCM or MODIS sensors respectively. Currently, 
MODIS Aqua data are used to prepare the maps of SST 
and chlorophyll together with the Quikscatt derived daily 
winds. The retrieved parameters were then subjected to 
various image processing techniques like image 
enhancement, filtering, etc. The wind vectors were 
extracted from the QuikScatt scatterometer. The maps of 
SST, chlorophyll and wind vectors were then used to 
interpret  the  PFZ locations  and   for the    preparation of  
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TABLE 1 
 
List of oceanic features identifiable using satellite data and their relevance to fishery resource 
 
S. 
No. 
 
Feature type Definition/ morphology description Relevance to fishery resource 
1. Oceanic fronts 
 
The boundaries between two water 
masses with different properties. 
They are detectable as 
discontinuities in the ocean colour 
(chlorophyll concentration) or SST 
image. 
High chlorophyll is indicator of biomass production. When it sustains for longer 
period, there are chances of  developing  temporary local eco-system. 
Higher SST gradient is an indicator of the co-existence of two different water 
masses brought together  by local upwelling or advection. Upwelling brings the 
water with higher nutrient concentration in the euphotic zone, which enables 
enhanced production. 
2. Mushroom 
shaped features 
 
The feature appears as mushroom 
shaped on the images of chlorophyll 
or SST or both. 
Forms an enclosed pocket, but the periphery is important. Sometimes rings form 
inside the feature, which may be productive. 
3 Coastal 
upwelling 
Easily detectable in thermal 
imagery. Appears as a cooler band 
along the coastal boundary in SST 
image. 
Indicates the nutrient rich water transported from bottom to surface. Forms in 
different phases like initiation phase, stabilization phase and maturation phase. 
Initiation phase should be avoided for fishing due to low oxygen water. In the 
maturation phase a well developed ecosystem forms; should be exploited. 
4. Meandering 
pattern of 
features 
A turn or winding of current that 
may be detached from the main 
stream. Easily detected through the 
curvatures in the image. 
They cover large area. So, even if the feature shifts the potential area may not 
shift totally. This also helps in delayed fishing. Large concentrations of 
phytoplankton are available as compared to linear features. An enclosed pocket is 
formed confining the resources. The rings are productive and important for 
resource exploration. 
5. Eddies A circular pattern detectable using 
SST or ocean colour images. Eddies 
appears as circular patterns with 
warm (cold) cores and cold (warm) 
peripheries. 
Rotating water causes deep mixing; hence the nutrient enrichment occurs leading 
to high production. Persistence for relatively longer duration. The visual 
predictors like tunas prefer periphery of eddies and streamers. 
6. Rings Rings are derivative of meanders 
and eddies. Identifiable using 
satellite images. 
Rings are productive as they develop localised  eco systems. These features 
ensure secondary and tertiary production. 
7. Plume front Coastal Plumes near river mouths 
as well as at discharge points of 
effluents. 
Coastward side should be avoided because of high turbidity; generally fish avoid 
turbid water due to visibility and blocking of gills. Seaward side may be explored 
for resources. Sediment images may be checked before suggesting the PFZs. 
8. Shelf break 
front 
Formed due to the abrupt changes 
in bathymetry at the shelf-slope 
depth gradient. 
Depending on the gradient in bathymetry it will appear more often at same 
location. Persist for longer periods supporting the ecosystem. Not suitable for 
bottom trawling. 
9. Diverging 
fronts 
Water flows in different directions 
from the centre due to diverging 
current. 
The process enriches the nutrient supply, which supports the enhanced 
production. 
10. Converging 
fronts 
Two or more fronts converge at one 
point. 
Causes mechanical aggregation of resources and plankton, centre may be more 
productive. 
   
 
 
advisory [Fig. 2(a)]. For the easy understanding of the 
fishermen community, the PFZ maps were also translated 
in multi-lingual PFZ Text information [Fig. 2(b)]. Thus 
the final advice provided to the fishing community 
includes the information on PFZ location (latitude and 
longitude), bearing angle from the coast, distance from the 
coast, and depth at the location. The advisories are finally 
disseminated in local languages via electronic display 
boards installed at fish landing centers, Village 
Information Centers, Radio, TV channels, telephone, fax, 
SMS, E-mail and through the INCOIS web site.  
To assess the validity of advisories, validation 
exercises were carried out by engaging controlled fishing 
within the identified PFZ locations (termed as PFZ area) 
and outside the  PFZ area (termed as non-PFZ area). For 
this purpose, two identical boats with identical fishing 
gears were employed. One boat was taken to the PFZ area 
and the other was sent to the non-PFZ area. Both boats 
were engaged in similar fishing activities over same time 
spans. The outcome of the controlled fishing activities 
were then compared in terms of catch per unit effort 
(CPUE) to assess the benefits of PFZ advisories.  
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Figs. 2(a&b). A sample PFZ advisory (a) map for Kerala sector and (b) text information  for Kerala sector 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.  PFZ Advisory issued on 15 December  2006 and used by the fishing boats MRR-8 and 
MRR-10. The coloured circles show the locations of  fishing activities carried out 
(a) (b)
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Fig. 4.  PFZ advisory issued on 5 March  2008 and used by the 
fishing boats SLV and GODV. The coloured circles shows 
locations of the fishing activities carried out 
 
 
 
Examples of two such comparisons carried out in the 
waters off Kerala (Figs. 3 and 4) are given  in Table 2 and 
Table 3. The validation exercises suggest that the CPUE 
was considerably higher in the PFZ than that in the non-
PFZ. 
  
Estimates were also made based on the feed-back 
information collected from fishermen. From their feed- 
backs, it seems that they benefited from the reduced 
search time when they follow the PFZ advisories. The 
reduction in search time was ~ 60-70% for oil sardine 
shoals in ring seining and ~ 30-40% for mackerel and 
anchovy shoals in ring seining operations.  Madras School 
of Economics had carried out an exploratory analysis on 
“The Economics of India’s Space Programme” in which 
the economics of fishing operations using the PFZ 
advisories were also  estimated. The analysis says that an 
annual savings of Rs. 545 crore is possible  by the  
utilisation of advisories by 10 percent of the trawlers/boat 
owners and Rs. 1635 crores, if  25 percent utilises the 
advisories.  
 
3.  Ocean state forecasts 
    
The Ocean State Forecast (OSF) is another important 
service provided by INCOIS. That is, this service informs  
TABLE 2 
 
Comparison of fishing operations carried out inside and outside the 
PFZ area on December 16, 2006. The PFZ advisory was  
issued on 15 December 2006 
 
Details (Experiment in Kerala) PFZ Non PFZ 
Name of the boat MRR-8 MRR-10 
Type of boat/fishing gear Mech./ Ring Seine Mech./ Ring Seine
Duration of  trip 9 hrs 30 min 7 hrs 15 min 
Duration  of fishing (hrs.) 01 01 
Number of hauls 01 01 
Number of fishermen engaged 37 36 
Total catch (kgs) 7200 1800 
Major species caught Carangids Carangids 
Approximate cost of total catch 
(Rs) (@ 50/kg) 
3 60 000.00 90 000.00 
Total expenditure in fishing 
operation (Rs) 
77 600.00 
(fuel: 5 400.00) 
(Wage:72 000.00) 
21 440.00 
(fuel: 3 240.00) 
(Wage:9 000.00) 
Net Profit (Rs) 2 82 400.00 68 560.00 
 
 
 
TABLE 3 
 
Comparison of fishing operations carried out inside and outside PFZ 
Area on 5 March  2008. PFZ advisory was issued on 5 March 2008 
 
Details (Experiment in Kerala) PFZ Non PFZ 
Name of the boat SLV GODV 
Type of boat Mechanized Mechanized 
Duration of total trip 1 1 
Number of fishing hours 14 11 
Number of hauls 1 1 
Number of fishermen engaged 23 23 
Total catch (kgs) 12000 3500 
Major Species Caught Oil Sardines Oil Sardines 
Approximate cost of total catch 
(Rs)   (@ 15/kg) 180000 52500 
Total expenditure in fishing  
operation (Rs) 
22400.00 
(Fuel: 5100.00) 
(Wage: 12900.00) 
21635.00 
(Fuel: 8160.00)
(Wage: 9075.00)
Net Profit 157600 30865 
 
 
the user community about the state of waves (wave height 
and direction) when they plan to venture out at sea. The 
ocean state forecast involves the forecasting of ocean state 
during the next 6, 24, 48, 72, 120 hours or more. INCOIS 
generates these forecasts on daily basis for the following  
5-7   days   using   the   forecasted  winds  obtained  from  
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Fig. 5.  Global wave and swell forecast using Wave Watch III (V. 3.14 
b) for 10 April 2009 
 
 
 
weather prediction centres and disseminates this 
information on real time to the users via electronic display 
boards, Village Information Centres, Radio, TV channels 
in local languages and also through INCOIS web site.  
  
In addition to traditional and mechanised fishermen, 
the users of forecasts also include maritime boards, navy, 
coast guard, shipping companies and oil and natural gas 
and energy industries. The number of users who use the 
information on forecasted waves have doubled over the 
last four years.  
  
The duration, accuracy and spatial resolution of the 
forecasts depend on the user needs. While the fishermen 
are usually interested in the information for the following 
2 to 3 days, the navy requires it for ten days or more. The 
requirements of the offshore industries are specific 
depending on the requirement of planned operations. Such 
specific demands are met through the customisation        
of  forecast   products.  Currently,  INCOIS  issues  global  
TABLE 4 
 
RMSE and Scatter Index of the day-1 global forecast at  
different ocean basins 
 
Basin Bias RMSE (m) SI 
North  Atlantic 0.34 0.80 37.06 
North Pacific 0.32 0.70 30.22 
N.  Indian Ocean -0.05 0.83 34.54 
 
 
 
forecasts for 5 days in advance at 6 hour intervals, 
regional forecasts for 7 days at 3 hour intervals, coastal 
forecasts for 7 days at 3 hour intervals, and location 
specific forecasts for 3 days at 3 hour intervals. 
 
 The acceptability of forecasts depends on the 
reliability of forecasts or how close they mimic the actual 
observations. To test the accuracy and reliability of the 
forecast products, they are continuously compared with 
the observations. The wave heights measured by satellite 
based altimeters and the in-situ measurements of wave 
heights and directions obtained from the moored buoys 
and the waverider buoys are used for the validation.  
  
For the global forecasts of waves, we use the Wave 
Watch III model developed at National Oceanic and 
Atmospheric Administration (NOAA), USA (Tolman  
1999). This model has a spatial resolution of 1° × 1° 
longitude-latitude grid extending from 77.5° S to 77.5° N. 
At present no data assimilation has been performed, 
though the model has capabilities to assimilate the wave 
data. The model uses the 6 hourly wind forecasts at 10 m 
level and the 6 hourly air-sea temperature difference 
forecasts from National Centre for Medium Range 
Forecast (NCMRWF).  
    
Fig. 5 shows the samples of 6 hourly forecasts of 
significant wave height- direction and swell wave height- 
direction for 10 April 2009 at 0000 UTC. High swells 
generated in the Southern Ocean are evident in the 
forecasts. Due to the lack of in situ observations of waves 
around the world, the forecasts were validated against the 
wave heights derived using satellite based altimeters. The 
preliminary results indicate that the RMS errors of the first 
day forecast for the North Atlantic, the North Pacific, the 
North Indian Ocean and the South China Sea are 0.80 m, 
0.70 m, 0.83 m, 0.70 m respectively during the month of 
April (Table 4). The percentage error in the first day 
forecast varies from ~ 20-40%.  However, it is necessary 
to validate the altimeter derived significant wave height 
with the in situ observations. The process of validating the 
significant wave height derived from altimeter in the 
northern Indian Ocean with the in situ data is in progress. 
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Fig. 6.  Significant wave height (m) and direction (oTN) forecasted for Arabian Sea during the  monsoon (4 June 2008) and for Bay of Bengal 
during the passage of cyclone Nisha during 24-27 November 2008. Both forecasts represent extreme conditions 
 
 
A Spectral Wave (SW) model in flexible mesh 
(MIKE -21) is used to issue the regional forecasts and 
state wise forecasts for the Indian coastal states. Spectral 
Wave model developed by the Danish Hydraulic Institute 
is a third generation wind-wave model based on 
unstructured meshes. It simulates the growth, decay and 
transformation of wind generated waves and swells in the 
offshore and coastal areas based on the wave action 
balance equation with sources and sinks.  
  
The regional forecasts are issued at a spatial 
resolution of 50 × 50 km resolution for regional basins 
such as Arabian Sea, Bay of Bengal, South China Sea, 
Red Sea and Persian Gulf. In addition to this, forecasts are 
also given for the coastal states of India at varying spatial 
resolutions. The temporal resolution of the forecast is 3 
hour. The 3 hourly forecast winds obtained from ECMWF 
are used to force the model. The forecasts are valid for 7 
days. Fig. 6 shows the regional forecasts issued               
for Arabian Sea and Bay of Bengal regions. The forecast  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7.  Track of cyclone Sidr and cyclone Nargis  that 
crossed the Bay of Bengal during 11-15, November 
2007 and 27 April -03 May 2008 respectively. Buoy 
locations are also shown 
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Figs. 8(a-d) RMSE, scatter index and correlation coefficient obtained by comparing the forecasts with 
buoy data (DS4 and DS5) during the passage of cyclone Sidr (b and c) and Nargis (d and e) 
 
 
 
shows high wave heights in the central Arabian Sea, 
aligned along the track of Findlater Jet that develops over 
the Arabian Sea associated with the onset of monsoon. 
The forecast for Bay of Bengal shows high waves off Sri 
Lanka due to  cyclone Nisha that crossed over during that 
period (24-27 November 2008) .       
  
The regional forecasts were validated against the in 
situ measurement of waves using moored buoys, 
specifically during the extreme weather conditions such as 
the passage of cyclones. The validations have been done 
during the cyclones in the Bay of Bengal and Arabian Sea.  
The track of the two such cyclones namely, Sidr and 
Nargis together with the buoy locations are shown in        
Fig. 7. The statistics of the deviations between observed 
and predicted (RMSE, correlation coefficient and scatter 
index (RMSE/Mean of observations)) significant wave 
height are given in Fig. 8(a-d).  The results indicate that 
the observations and the forecasts are highly correlated (r 
>0.9) for up to six days of forecast period during both 
cyclones. The scatter index, which indicates the 
percentage errors are mostly less than 20 % during the 
first 4 days and never exceeded 30 % even on 6th day of 
forecast during both cyclones. This indicates that there is 
no significant degradation in the forecast over a period of 
6 days. 
Spectral Wave model is also set for varying 
resolutions (10 × 10 km to 25 × 25 m) to issue the wave 
forecasts along the Indian coast at 3 hour intervals for 7 
days. The forecast winds obtained from ECMWF are used 
for wave forecasts in  the coastal regions. The Fig. 9 
shows the forecasted wave heights and direction along 
Andhra Pradesh and Kerala coast during the onset of  
monsoon. Comparatively high waves are evident along the 
south Kerala coast during this period. Waves arrive at the 
coast almost perpendicularly. Compared to the Kerala 
coast the wave heights are less along the Andhra Pradesh 
coast and waves are propagating mainly from the southern 
direction. 
  
 
Coastal forecast is validated using the wave rider 
buoys deployed at few locations near the coast.  Fig. 10 
shows the RMSE, correlation coefficient and scatter index 
obtained by comparing the forecast using wave rider buoy 
observations at Pondichery and Karwar during winter 
(November) and summer monsoons (August).  The green 
line indicates the standard deviation (SD) of the 
observation representing the natural variability of the 
wave height at that location. Lower RMSE than the 
standard deviation indicates that  the forecast errors are 
lower  than the natural variability.    
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Fig. 9. Coastal wave forecast for Indian Coastal States Andhra Pradesh and Kerala 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10.  RMS error (diamonds), scatter index (pink square), correlation coefficient (triangles) and standard deviation 
(green square) obtained by comparing the forecasted waves with the waves measured using  the buoys moored 
off Pondicherry during November 2007 and off Karwar during August 2008 
 
 
In addition to the global, regional and coastal 
forecasts, specific location based forecasts (in map as well 
as in text formats) are also issued as per user 
requirements. This service started in February 2006 
disseminates the forecasts to the villages of Pondichery, 
Cuddalore, Karaikkal, Thirunelveli, Tutucorin, 
Visakhapattanam and Karwar. Recently, similar services 
were also started for 51 fish landing centers in Gujarat and 
Tamail Nadu. The modified digital display boards 
installed at those centers are used for the dissemination of 
the forecasts in addition to FM radio broadcasts and local 
TV telecasts in Tamilnadu and Pondichery.  
  
The wave and swell forecasts also aid in the safe 
navigation and operations at the  outer anchorages of sea-
ports and harbours. The real-time information on wave 
and swell are currently used by Gujarat and Maharashtra 
maritime  boards  to  regulate  the  ship,  barge  and  other  
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Fig. 11.  IVL demarcated for the coast of Gujarat to aid the safe 
navigation of vessels 
 
vessel movements and cargo handling operations in and 
around the port. Andaman and Nicobar port authority also 
have approached INCOIS for similar information. This 
service provides 3 hourly forecasts of waves and swells 
for seven days and updates it regularly. Coast Guard and 
Indian Navy are the other users of this service. 
  
In addition, to the forecasts of waves and swells, 
INCOIS also provides Inland Vessel Limits (IVL), 
deduced from  forecasted waves and swells, to the 
maritime boards and port administrations. IVL is the 
navigational demarcation line which divides the high seas 
from tidal rivers/ estuaries /ports. The demarcation is done 
on the basis of Significant Wave Heights (SWH). The 
knowledge of IVL helps in making appropriate decisions 
regarding the movement of the smaller vessels to load the 
cargo on board  bigger vessels anchored in the outer 
anchorages at sea. Fig. 11 shows the value added product 
disseminated to Gujarat maritime Board to help in safe 
navigation and demarcation of IVL. 
            
4.  Ocean data and information system 
 
INCOIS has been identified as the National 
Oceanographic Data Centre (NODC) by the International 
Oceanographic Data and Information Exchange (IODE) 
Programme of Intergovernmental Oceanographic 
Commission (IOC). As part of the International Argo 
Programme, INCOIS also serves as  the National and 
Regional Argo Data Centre for India and the Indian 
Ocean. The observations from the oceans are the 
backbone for any kind of operational services (potential 
fishing zone advisory services, ocean state forecast, storm 
surges, cyclones, monsoon variability, tsunami etc.), 
research and development including validation of satellite 
sensors and model simulations. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 12. Elements of the Ocean Data and Information System at INCOIS 
 
 
INCOIS, being the central repository for marine data 
in the country, receives voluminous oceanographic data in 
real time, from the network of in situ and remotely sensed 
observing systems (Fig. 12). In addition, a large amount of 
historical and off line data also are obtained from the web 
and other sources. Availability of ocean data in real-time 
and their dissemination at near real-time are essential for 
spatial analysis and decision support system that forms the 
basis of ocean information and advisory services. 
 
The data centre at INCOIS receives the data from a 
suite of sensors and in situ platforms from various 
sources. Such data received from different sources and 
platforms are processed and quality controlled following  
international norms (for example, NDBC, 2003; Hansen 
and Poulain, 1996). The quality flagged processed data are 
then archived for dissemination and for the generation of 
data products. The Data Centre also maintains the 
inventory of metadata and publishes it on the web site for 
the benefit of users. Tables 5 and 6 lists the type of data 
archived at the data centre. 
  
The Ocean Data and Information System (ODIS) set 
up at INCOIS is a one stop shop for data and information 
on physical, chemical and biological parameters of oceans 
and coasts on various spatial and temporal domains. It is 
an end-to-end ocean data management system, developed 
by exploiting the advances in the field of information and 
communication technology. ODIS is fed by voluminous 
(~5 Tb per year) and highly heterogeneous oceanographic 
data in real time, acquired from the Ocean Observing 
Systems (both in-situ and satellite based) established in 
the Indian Ocean. 
  
The Satellite Data Acquisition and Processing 
System (SDAPS) set up at INCOIS receives remote 
sensing data in real time from NOAA (17 and 18), Terra 
and Aqua Satellites to meet the operational data 
requirements  of Potential Fishing Zone advisory services  
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TABLE 5 
 
In-situ data received from Ocean Observing Systems 
 
Platform/Instrument Parameters 
Argo Floats Temperature and Salinity Profiles up to 2000 m 
Moored Buoys  Air Pressure, Air Temperature, Wind Speed and
Direction, Water Temperature, Significant
Wave Height, Wave Direction, Current Speed
and Direction  
Drifting Buoy  Sea Surface Temperature, Air Temperature,
Barometric Pressure, Sea Surface Currents  
Current Meter Data 
from the Equatorial 
Current Meter 
Mooring Arrays 
Current vector  
Tide Gauges Sea Level  
Bottom Pressure 
Recorders 
Water Column Height 
XBT Observations Temperature Profiles up to 760 m 
 
 
  
TABLE 6 
 
Remote sensing data received from the satellites in  
real-time at SDAPS 
 
Sensor/Satellite Parameters 
AVHRR- NOAA 
(17 and 18) Sea Surface Temperature 
MODIS - Terra  
and Aqua 
SST and Chlorophyll 
(Other atmospheric and ocean parameters are
generated on request) 
 
 
 
and several other projects.  For example, the satellite data 
products viz., SST, chlorophyll, atmospheric temperature 
and humidity profiles, aerosol optical depth etc. Some of 
these products  are  provided to NCMRWF, IMD and 
IITM for their use.  
 
In addition to the data from in situ and satellite 
platforms  the data centre also downloads and archives the 
data from model outputs, re-analysis data sets and the 
satellite data products (Table 7 for details). The archival is 
updated regularly as and when the data are available. 
 
These data sets together with the Argo data products 
are served on the web through Live Access Server (LAS) 
designed to provide flexible access to geo-referenced 
scientific data  (http://ferret.pmel.noaa.gov/ Ferret/LAS/). 
LAS that uses the Open-source Project for a Network Data 
Access Protocol (OpenDAP) and Distributed Ocean Data 
System (DODS) technology allows the user to visualize, 
download, and even perform the preliminary analysis of 
data in  graphical user interface. 
TABLE 7 
 
Data from model outputs, reanalysis products, and satellite data 
archived at INCOIS 
 
Data sets Parameters Period 
Simple Oceanographic Data Assimilation products 
(currents, temperature, and salinity) 
1955-2001
Joint Environmental Data Analysis Centre temperature 
profiles 
1955-2004
National Centre for Environmental Prediction (surface 
meteorology, surface fluxes) 
1950-2005
CMAP rainfall 1979-2006
Altimeter derived sea surface height anomaly 1996-2007
TMI SST, rainfall, wind speed 1997-2007
Quickscat wind vector 1998-2007
SeaWifs chlorophyll  1997-2005
 
 
TABLE 8 
 
Estimated and Observed arrival times and water levels at different 
tide gauge and BPR locations for the September 12, 2007 earthquake 
 
Location Arrival Time (hhmm) Water Level  (cm) 
Estimated Observed Estimated Observed
Padang 1751 1754 80 60 
Coco’s Island 1748 1748 40 30 
Sabang 1903 1903 20 30 
TB 31903 1913 02 01 
TB 10A1931 1941 01 02 
TB 101930 1945 02 02 
Port Blair 2010 2013 10 08 
Chennai 2105 2110 20 18 
 
 
5.  National tsunami early warning system 
 
Indian Ocean rim countries paid very little or no 
attention to the natural phenomenon of tsunamis as their 
occurrence in the Indian Ocean were rare. However, the 
occurrence of Great Indian Ocean Tsunami that followed 
the mega earthquake Off the west coast of Sumatra on 26 
December 2004 shook the consciousness of mankind 
beyond belief. The destruction that was brought by the 
tsunami was unparalleled in the recent times.  
  
INCOIS established the state-of-the-art early 
warning centre at its office, situated in Hyderabad with 
necessary computational and communication 
infrastructure that enables reception of real-time data from 
a variety of  sensors,  analysis of the data, generation and   
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Fig. 13.  Screen shot of the model scenario for 12 September 2007 M8.4 earthquake 
from unit source scenario database for Indian Ocean 
 
 
 
dissemination of tsunami advisories following a Standard 
Operating Procedure (SOP). The centre was inaugurated 
on 15 October 2007. The centre operates on 24 × 7 basis 
round the clock. The efficiency of the end-to-end system 
was proved during the large under-sea earthquakes 
occurred since then. To mention a few, the earthquake of 
8.4 M that occurred off the west coast of Sumatra on 12 
September  2007 and the earth quake of 7.9 M that 
occurred on 30 September 2009 at southern Sumatra in the 
Indian Ocean.  
 
The Indian Ocean is likely to be affected by tsunamis 
generated mainly by earthquakes from the two potential 
source regions, the Andaman-Nicobar-Sumatra Island Arc 
and the Makran subduction zone. Hence, the tsunami 
warning system was tailor made to capture the tsunamis 
generated in these two zones. The Indian Tsunami Early 
Warning System comprises a real-time network of seismic 
stations, bottom pressure recorders (BPRs) and tide 
gauges to detect the tsunamigenic earthquakes and to 
monitor the tsunamis, if they are generated. 320 seismic 
stations all over the world, including 26 seismic stations in 
India, transmit data to the centre via satellite links and 
web services within 3 minutes of the occurrence of an 
earthquake anywhere in the world. On the arrival of 
seismic data, the centre computes the earthquake 
parameters in less than 15 minutes of the occurrence of 
the event and transmits the first bulletin describing the 
location, time of origin, magnitude and other characters of 
the earthquake. The centre maintains a large database of 
pre-run scenarios of possible tsunami travel times and run-
up heights using Tsunami N2 model. An exclusive 
Decision Support System (DSS)  enables the selection of  
closest scenario from the database as required.   That is, 
the DSS picks the nearest earthquake scenario (Fig. 13) 
and the associated Tsunami N2 model estimates of 
possible water levels and arrival times at 1800 locations 
along the Indian Ocean.  
  
This enables the INCOIS Tsunami Warning Cenre to 
assess the possibility of tsunami generation, and the likely 
severity due to the rise in water level at various locations 
along the coasts of Indian Ocean and  generate appropriate 
advisories for the use of disaster management authorities. 
However, whether the tsunami has actually occurred and 
what could be the actual magnitude of the tsunami wave is 
ascertained  from the water level data reported by the tide 
gauges and BPRs installed at different locations in the 
Indian Ocean.  Table 8 shows the estimated arrival times, 
water level heights from the model output and the 
observed values at different tide gauges and BPR 
locations for the 12 September  2007 earthquake. Water 
level data enables the confirmation of the occurrence of 
tsunami as well as the magnitude of water level change. 
Accordingly, after watching the water level records, the 
centre issues the necessary watch/warning/alert. If no 
appreciable water level changes are noted, then the centre 
cancels the warning.  
  
The end-to-end 24 × 7 operations of the centre right 
from data reception, display, analysis, modelling, and 
decision support system for the generation of tsunami 
advisories is set up taking the advantages of the 
development in application software around GIS 
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technology. The advisories thus generated are 
disseminated to the control room of the Ministry of Home 
Affairs (MHA) for further dissemination to the public. For 
quicker dissemination of alerts to MHA, a satellite-based 
virtual private network for Disaster Management Support 
(VPN-DMS) also has been established. This network 
enables the early warning centre to disseminate warnings 
to the MHA, as well as to the State Emergency Operations 
Centres. In addition, the advisories are also sent by phone, 
fax, SMS and e-mails to other authorised officials. In case 
of the confirmed threats the, the National Early Warning 
Centre is also equipped with necessary facilities to 
disseminate the advisories directly to the administrators, 
media and public through SMS, e-mail, fax, and ocean 
information boards.   
  
INCOIS has also planned the infrastructure of the 
warning centre so as to have the capabilities of a Regional 
Tsunami Watch Provider. India is contributing to the 
establishment of the Regional Tsunami Early Warning 
System for the Indian Ocean by providing Regional 
Tsunami Watch Services to other Indian Ocean rim 
countries from its National System. Host of 
communication systems (INSAT DRT & MSS) are 
employed for the timely reception of data from the sensors 
and for dissemination of bulletins.  To be fail proof, a high 
level of redundancy also is built into the communication 
system.  In addition, the dedicated broadband internet is 
used to receive near-real time data from international 
seismic stations, tide gauges, and BPR’s. 
 
6.  Services planned during the coming years 
   
The current advisory on PFZ at present is not species 
specific though it gives an indication of the location of the 
school of fish. Indian waters, especially the Lakshadeep 
Sea region, are known for the abundance of high value 
fish like tuna. In order to obtain more CPUE and increased 
net profit thereby increasing the socio-economic status of 
the fishermen community, a reliable forecast for the 
identification of commercially important species like tuna 
shoals is necessary. Tuna fish are highly migratory and 
because of that, it is important for the fishermen 
community to know the exact location of the tuna fishing 
zones. Based on the behaviour, it is known that the Tuna 
fish prefers certain range of temperatures, clear water 
conditions and productive zones. These conditions could 
be identified using the satellite imagery, as it provides 
synoptic coverage of the oceans. INCOIS is in the process 
of developing the Tuna Fishery Forecast System (TUFFS) 
using remote sensing techniques similar to PFZ.  The 
experimentation in collaboration with tuna fishing 
industry using satellite images and other parameters are 
progressing well. 
  
Ocean currents, temperature, mixed layer depth 
(MLD) and depth of thermocline (region of maximum 
gradient in temperature profile) are important for fishery 
as well as for other operations at sea. The general 
circulation model, ROMS (Regional Ocean Model 
System) has been chosen to generate the daily forecasts of 
surface currents, SST, MLD and the depth of thermocline 
in the seas around India. The model is forced using the 
forecasted winds and atmospheric fluxes available from 
NCMRWF. This will be another major service from 
INCOIS during the coming years. 
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